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INTRODUCTION
Infectious mononucleosis is not an important di sease
entity from the standpoint of mortality nor of morbidity.
However, it could assume considerable military importance since it tends to occur in epidemics and is characterized by a Short period of complete disability followed
by several weeks of rather slow convalescence.
The disease is known to be infectious in nature,
but the infectious agent responsible for the disease has
never been identified.

For the past few years it has

been more or less taken for granted that Listerella monocytogenes was the etiologic agent of infectious mononucleosis.

Recent work that has been done in this field

has thrown considerable .doubt on this theory.

Because

of the confusion and uncertainty that exists in this regard, it was decided to present in this paper a review
of all the pertinent literature.

Insofar as is possible,

a discussion of the material will be given, and unbiased
conclusions will be drawn when such conclusions are justifiable.

1.

ETIOLOGY OF INFECTIOUS MONONUCLEOSIS
The etiology of infectious mononucleosis is not
known.

The condition is now considered, and has been

considered an infectious disease since it was first
described by Pfeiffer in 1889.
tion Dreusenfieber.

He called the condi-

The name infectious mononucleosis

is now given to the condition in nearly all the English
speaking world.
In 1923 Jamison, in an article on infectious mononucleosis, stated, "Pfeiffer claimed to have isolated
the influenza bacillus from the glands and blood of
patients suffering with this disease."

Actually, there

seems to be considerable doubt that Pfeiffer ever made
such a claim.

Baldridge states that in reviewing the

original articles of both E. Pfeiffer,'who originally
described infectious mononucleosis, and R. Pfeiffer,
who described Bacillus influenza, he could find no such
claims.

The original articles of these men are not

available for study.

If we disregard the possibility

of Pfeiffer having associated etiologically the influenza
bacillus with infectious mononucleosis, then there is no
record of such an association until Jamison's art i cle
appeared in 1923.

He mentions the fact that the incidence

of the disease increased follo wing both great epidemics
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of influenza.

His report is the only one to this date

which very seriously considers this organism to be
responsible for infectious mononucleosis.

The only

evidence he presents to support his views must be discredited, because we know that the influenza bacillus
was not responsible for the influenza epidemics.
Lublinski, in 1907, felt that there was some relationship between glandular fever and status thymolymphaticus, but the relationship is vague at best, and
status thymolymphaticus is perhaps less well understood
than is infectious mononucleosis, so such a relationship,
if real, would not help determine the etiology of infectious mononucleosis.
Jackson, 1897, reported an epidemic of what seemed
to be fairly typical infectious mononucleosis and which
he thought was spread by milk.

He considered the

disease to be a gastro-intestinal infection which spread
by way of the lymphatics to the cervical lymph nodes.
Koplik re ported that a large per cent of his cases
showed enlargement of the l eft cervical nodes before
any enlargement was observed on the right side.

This

he presented as evidence that the infection started as
a gastro-intestinal disease.

Their contention may be

of significance, although more recent writers have not
been able to observe the initial left-sided involvement

3.

with such regularity as was reported by the early
writers.

Even if it could be shown that the causative

agent did enter the body by way of the digestive tract,
that would not indicate what the agent is.
In 1918 Deussing reported three cases of membranous
angina associated with enlarged lymph nodes and an absolute mononucleosis.

Positive cultures for diphtheria

bacilli were obtained in each case and antitoxin was
given, with ultimate recovery.

Berkley states that

cases of infectious mononucleosis often show marked improvement after the administration of diphtheria antitoxin.

Sprunt states that the antitoxin should be

administered to every case which shows positive cultures
for diphtheria organisms.

He even contends that he has

seen cases which appeared to derive benefit from the
antitoxin in the absence of positive cultures for the
organisms.

No one considered the diphtheria bacillus

to be directly res ponsible for infectious mononucleosis,
because of the absence of the organism in the majority
of cases, but there does seem to be some relationship
present.
Baldridge in 1926 reported that he found it difficult to differentiate infectious mononucleosis from
diphtheria because of the presence of organisms which
resemble the diphtheria bacillus.

Non-virulent

4.

diphtheria-like organisms are frequently found in the
throats of normal people, but he considered these
organisms were always present in the throats of infectious mononucleosis patients.

Because of this

finding, he undertook to demonstrate this organism in
the lymph tissue of patients in the acute stage of infectious mononucleosis.

He reports the removal of

lymph nodes from six patients.

Cultures were made on

veal boullon, plain agar, and on blood agar.

Diph-

theroid bacilli were obtained from four of the six
glands.

In three instances the cultures were pure.

The Diphtheroid organisms grew only on veal boullon.
They were described as short, slender, gram-positive
rods with beaded ends, and were often slightly curved.
They produced neither acid nor gas on any of the sugars.
In subsequent work he wa s able to culture these organisms from the throat wa shings from six of seventeen cases
of infectious mononucleosis.

One positive blood culture

·was obtained fro m another series of eight cases.

Gland

emulsions of the three glands from which pure cultures
we re obtained were used to infect guinea pigs and rabbits.
The experimental animals remained free of symptoms.
Blood studies and subsequent autopsy findings on the
animals were negative.

Twelve guinea pigs were injected
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with the veal boulllon cultures of the organisms.

A

fever of from one to three degrees, lasting from four
to five days, resulted, but there was no enlargement
of the lymph nodes, and at autopsy the nodes were normal
histologically.

The organism was not recovered from

the animals.
Serums were obtained from three convalescent
patients.

Two of these were patients from whom glands

had been removed and from which Diphtheroid organisms
had been obtained.

Neither specific agglutinins nor

precipitins for any of the three cultures of Diphtheroid
bacilli could be demonstrated in these serums.
This work, carried out by Baldridge, has never
been duplicated.

Coon, in 1922, had previously reported

the culturing of a Diphtheroid organism from a lymph
node in a fairly typical case of infectious mononucleosis.
The material for the culture was obtained by injecting
normal saline solution into a gland and then withdrawing
the solution.

He did not carry out any serological

work with the organism he recovered.

We therefore have

only the one piece of work upon which to base any conclusions.

From this work alone it may be stated that

it is doubtful tha t the Diphtheroid bacillus is the
causative agent of infectious mononucleosis.

Baldridge
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hirrself states tha t the evidence favoring Diphtheroid
Bacilli as the direct etiologic agent in glandular
fever may be more apparent than real.

He has isolated

these organisms from lymph nodes and other tissues of
patients with a long series of diseases, most notably
Hodgkin's disease and scarlet fever.

When first iolated

from the lymph nodes in scarlet fever they were thought
to have an etiologic relationship to this disease, and
the same was true of HocJgkin's disease.

Baldridge

states that he can.n ot accept the presence of Diphtheroid
organisms in the lymph glands as proof of their etiologic
relationship with the disease process that is present.
It does not seem likely that the Diphtheroid bacillus

is the direct etiologic agent of infecti ous mononucleosis.
In 1921 B1oedorn and Houghton reported four cases
of infectious mononucleosis.

They demonstrated the

presence of fusiform bacilli and spirochetes in the
throats of three of these cases.

They suggested the

possibility of an etiologic relationship between this
organism and infectious mononucleosis.

Baldridge, 1926,

reported a series of fifty cases it which examinations
for Vincent's organisms were made in twenty-nine cases.
The organisms were found to be present in twenty-seven
cases.

Seven of these smears wer·e taken from the mem-..

branes in the mouth or pharynx and the remainder from
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the gum margins.

At the same time fifty-five smears

were made from the gum margins of medical students.
Forty-seven positive and three doubtful smears were
folL~d.

Similar procedures were carried out on fifty

general medical patients who had neither enlarged glands
nor mononuclear increases in the blood.

This series

yielded forty-one positive smears for Vincent's organisms.
In 1931 Friedemann and Elkeles described a monocytosis associated with ulcero-membranous inflammation
of the mouth and pharynx.

As high as sixty-two per

cent of monocytes was observed in some cases.

The

organisms predominating in the throat in these cases
were spirillum and fusiform bacilli of Vincent.

En-

larged lymph nodes and an elevation of temperature made
the differential diagnosis

between infectious mono-

nucleosis and Vincent's angina difficult in these cases.
The authors rather favored the diagnosis of infectious
mononucleosis.

There were no heterophile antibody

determinations carried out.
Three years later Hartfall reported a case of
Vincent's infection of the mouth and pharynx which was
accompanied by a marked monocytosis in the blood.

Sub-

sequent studies showed the monocyte count in eight
cases of typical Vincent's infection to range from four
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per cent to thirty-two per cent.
Lewis, 1942, states that Vincent's organisms are
present in the mouth and pharynx of almost all people.
This seems to be a generally accepted belief.

It would

not seem strange to find a majority of patients with
infectious mononucleosis showing positive smears for
these organisms.

According to Fields, a greater number

of virulent organisms should be the rule in patients
with infectious mononucleosis.

In 1940 he re ported on

studies on virulence of Vincent's organisms.

He found

that cross infection with such organisms as the tubercle
bacillus, spirochetes, diphtheria bacilli, and also by
meoplasms, greatly increased the virulence of Vincent's
organisms.

~here was an even greater increase in viru-

lence in such di.seases as leukemia, aleukemic leukemia,
aplastic anemia, granulopenia, and infectious mononucleosis.

These diseases are particularly apt to be complicated

by Vincent's infection.

The cases reported on by Friedmann

a nd Elkeles were probably infectious mononucleosis complicated by Vincent's infection, rather than infectious
mononucleosis caused by the Vincent's organisms.

These

organisms are probably not responsible for infectious
mononucleosis but rather, as Fields suggests, are a
complicating factor.

Baldridge states that six of their

cases of infectious mononucleosis ·developed the disease
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while under active antisyphilitic therapy.

Further-

more, repeated dark field examination of enlarged
lymph nodes failed to reveal any spirochetes.
organisms may be eliminated as the etiologic

Vincent's
agent of

infectious mononucleosis with s ome degree of certainty.
Korsakoff and Lublinski, 1907,. as well as some of
their contemporary German clinicians, were quite uniformly of the opinion that a streptococcus was responsible for the disease.

They observed the clinical course

of the disease, the appearance of the t hroat, the predominance of streptococci in cultural flora of the upper
respiratory tract, the rare occurrence of a rash not
unlike the rash seen in scarlet fever, and an occasional
hemorrhagic nephritis complicating the disease.

From

these clinical observations they reasoned that a
streptococcus must gain entrance through the upper
respiratory tract and cause the disease.

In Neuman's

series of cases reported in 1894, one-half of a series
of thirty-seven cases developed suppurative cervical
lymph nodes following the acute febrile stages of the
disease.

The pus from these draining lymph nodes con-

tained streptococci.

Korsakoff reported a case of

streptococcic meningitis following infectious mononucleosis, and another fatal case from which streptococci
were isolated from the enlarged cervical lymph nodes at
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autopsy.

Schliessner, 1911, impressed with the con-

sistently enlarged adenoids in his cases, suggested
that the causative agent gained entrance to the body
by way of the adenoids.

He cultured streptococci and

staphylococci from the throats of his patients, but
~

was quite illlwilling to say that these organisms were
responsible for the disease.

Deussing in 1918 reported

a case which was diagnosed as streptococcic tonsillitis
which showed a white count of 82,000, with eighty-five
per cent lymphocytes.

It would appear that he was deal-

ing with a case of infectious mononucleosis complicated
by tonsillitis.

Cabot in 1913 reported a case occurring

during an epidemic of streptococcic sore throat.
The possible similarity between scarlet fever and
infectious mononucleosis was pointed out by Tileston
and Locke in 1905.

Cervical adenopathy is common in

scarlet fever, and these authors pointed out that in
the second, third, and fourth weeks of scarlet fever
there is a gradual rise in the percentages of mononuclear
cells until they equal, or often exceed, the number of
granulocytic cells.

Baldridge reports that he observed

extreme redness of the throat in some of his cases, and
in one a temporary erythematus flush of the skin was
observed.

Another of his patients developed a hemorrha-

gic nephritis.

Since it is well established that scarlet
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fever is caused by streptococci, there may be some
significance to this similarity.

With this similarity

in mind, Berkley treated four proven cases of typical
infectious mononucleosis with convalescent scarlet
fever serum.

Each patient received 100 cubic centi-

meters of the serum intravenously.

He reports that all

four cases made a complete recovery within forty-eight
hours.

There were no relapses,and no ill effects from

the serum were observed.

He suggested that infectious

mononucleosis was caused by a streptococcus closely
allied to the streptococcus of scarlet fever.

He is

appreciative of the fact that since only four cases
were treated in this manner it does not prove that all
cases would respond as well as did these four.
Hoffman, 1942, reported on a series of sixty-four
cases of infectious mononucleosis in medical students.
Seven cases were treated with sulfathiazole.

Prompt

alleviation of symptoms, with no relapses, was reported
in all seven cases.
dicative of a

He considered this fact to be in-

streptococcic etiology of infectious

mononucleosis.
The evidence that would point to the streptococcus
as the etiologic agent of infectious mononucleosis is
at best inconclusive.

In many of the earlier cases

there is reasonable doubt as to the validity of the
diagnosis.

There was no blood work done to show the
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monocytic response.

It is not believed that lymph

nodes suppurate in uncomplicated infectious mononucleosis.

The cases were isolated cases not associated

with an epidemic.

The throat cultures found positive

for streptococci by Schlussner proves nothing, since
many normal people harbor these organisms in their
throats.

The work of Berkley with convalescent scarlet

fever serum is interesting, but must be questioned,
because this is the only re port of favorable results
with this type of therapy.

Likewise, Hoffman's report

of sulfathiazole therapy is unsubstantiated by other
reports.

As was the case with Vincent•s organisms, the

streptococcus may be a secondary organism complicating
infectious mononucleosis, but there is no real reason
for believing that it causes this disease.
Infection with the protozoon parasite toxoplasma
was probably first seen in Java sparrows by Laveran
in 1900.

In 1908 this organism was described by Splendore

as a fairly common invader of rabbits.

The next year

Nicolle and Manceaux discovered this same parasite in
North African rodents.

In 1913 Castellani suggested

that organisms of the genus Toxoplasma might be concerned in human disease.

He re ported a case of a four-

teen year old boy suffering from splenomegaly, prolonged
fever, anemia, and leukopenia.

Death occurred about
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four weeks after hospitalization.

Structures which

he believed to be toxoplasma organisms were seen in
two blood smears made during life, and also from
smears of the spleen after death .

There seemed to be

some doubt as to whether the organisms were actually
demonstrated by Castellani.

However, Janku reported

a case of an infant about one year of age with hydrocephalis, spastic contractures of the limbss and blindness from the age of three months.

At autopsy the

aqueduct of Sylvius was found to be completely obliterated, and sections of the eyes showed ex tensive
lesions of the retinas from which parasites were recovered.

There was little if any doubt that these

organisms were of the genus Toxoplasma.

The case pre-

sented a fairly typical picture of the condition which
we now call toxoplasmosis •
Since 1923 there have been numerous reports of this
disease, as well as other diseases, which are caused by
the toxoplasma parasite .

In 1942 Sabin stated that the

toxoplasma organisms have already been shown, by actual
demonstration of organisms in tissues by microscopic
examination and by animal inoculation, to be responsible
for the following diseases:
l

...I. •

Congenital encephalomyelitis which becomes
apparent in the new-born period or in utero.

2.

Acute encephalitis in childhood.
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3.

A spotted-fever-like syndrome associated
with pneurnonitis •

Late in 1929, Bland, at the Freedom Research Laboratories · in London, became interested in the toxoplasma
as a possible etiologic agent of infectious mononucleosis.
He injected citrated blood from two cases of infectious
mononucleosis into a series of rabbits.

The sixteen

original rabbits which received the blood from t he two
patients developed a fever, enlarged lymph nodes, and
a lymphocytosis.

No organism of any kind could be re-

covered from the animals, but citrated blood from the
injected rabbits was injected into healthy rabbits which
in turn developed symptoms, and their blood was then
used to inject other healthy rabbits.

In the fourth

such serial passage, Dr. Bland claims to have isolated
a parasite which proved to be of the genus Toxoplasma.
It was not the same organism that had been described by
Nicolle and Manceaux, which has as its natural habitat
the rabbit.

.

The organism which was obtained by injecting

blood from patients with infectious mononucleosis into
rabbits is capable of infecting mbnkeys, while the organism
described earlier, the Toxoplasma cuniculi, is not infective to monkeys.

Bland used organisms from the four.-

teenth serial passage or fourteenth generation to infect
a monkey .

On the tenth day after injection, the monkey
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developed a fever and an increase in lymphocytes from
32 per cent to 81 per cent, and an absolute increase of
from 2,560 per cubic millimeter to 10,530 per cubic
millimeter.

Many of the lymphocytes were of the prima-

tive type with deeply basophilic cytoplasm.

On the

nineteenth day, pockets of swollen tender glands could
be felt in both groins and both axillae, where none had
been felt before.

Two other monkeys were infected with

subsequent generations of the organism, with much the
same result.

In every case the organism was demonstrated

in tissue smears.

Repeated attempts to infect monkeys

with T. cuniculi were unsuccessful.

Morphologically,

however, the two species can not be differentiated.

Both

are classified as Sporozoa, are two or three micra in
size, are round or spherical in shape when found intracellular, but crescentic shaped when found extracellular.
The evidence brought forward by this work seems to
point quite definitely to the toxoplasma as the etiologic
agent of infectious mononucleosis.

It must be remembered,

however, that Dr. Bland did this work in 1930.

Since

that time there are no other reports to indicate that his
results could be obtained by any other workers.

The fact

tha t he himself has not followed his original papers by
more complete papers would indicate that he may have
abandoned the idea.

L.A. Julianelle of the Public Health

16.

Research Institute of New York stated that he feels that
Dr. Bland picked up an extraneous organism 7 most probably
by way of the animals he inoculated.

Nevertheless, we

should not overlook the fact that there are no report~ to
indicate that anyone has ever tried to duplicate Dr.
Eland's work.

The inability to demonstrate the organism

until after several passages through rabbits may have
complicated the picture for some workers, or it may be
that no one has had enough interest in this matter to
attempt to prove or disprove the idea that infectious
mononucleosis is a parasitic infection with toxoplasma
organisms.

Whatever the situation may be in regard to

this matter, it is evident that more work should be done
before anything definite can be concluded as to the relationship of Toxoplasma to infections mononucleosis.

As

late as 1942, Sabin developed a rabbit protection test
in which serum of an animal suspected of having toxoplasmosis is mixed with the organisms and injected serially
into the shaved skin of normal rabbits.

If there is no

local reaction it is claimed that a diagnosis of toxoplasmosis can be made.

Although Sabin feels that Bland

probably had only spontaneously infected animals rather
than animals infected with human blood, he suggests that
his rabbit protection test may be used to aid in further
study of the problem of toxoplasma in infectious mononucleosis.
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In the spring of 1924, Murray, Webb, and Swann observed six cases of sudden death in rabbits, all of which
showed similar lesions, but no cause of death was evident.
It appeared to be a septicemia, but all cultures of the
heart blood were sterile.

A Gram-positive bacillus was

obtained from ascitic fluid of a guinea pig which demonstrated similar lesions.

In August, 1924, a pure culture

of a similar organism was obtained from the heart blood
of a rabbit in the acute phase of the disease.

The most

characteristic feature of the disease was fever, glandular
swelling and the production of a large number of large
mononuclear leucocytes.
monocytogenes.

The organism was named Bacterium

In subsequent studies, seventy-eight cases

of the natural disease in rabbits and experimental infections in one hundred twenty-eight rabbits, twelve guinea
pigs, eight rats, and one hundred ninety-four mice were
observed.

The disease was found to occur in young, under-

sized rabbits, as a rule.

They developed a distended

abdomen and showed a rapid loss of weight due to excessive
wasting.
summer.

The disease occurred in the spring and early
By experimental infection it was found that a

single dose of one one-hundredth of a milligram per kilogram of body weight would produce a leucocytosis of about
sixteen or seventeen thousand, while nine thousand is
normal for rabbits.

This represented an absolute increase
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in large mononuclear leucocytes from a normal of four
hundred to seven thousand or higher.
The organism was described by the authors as a
small, round-ended, gram-positive, non-spore-forming
rod.

In tissue smears, the organism measured one to two

micra in length,and one to four micra in length in culture smears.

In some tissue smears they appear to be

beaded along their whole length, giving the appearance
of cocci in chains.
motility.

They demonstrate a slight degree of

The media best suited to their growth is E.L.D.

a.gar.
In 1932 Nyfeldt re ported from Germany that he cultured a gram-positive organism from the blood of three
patients with infectious mononucleosis.
organism Bacterium monocytogenes hominis.

He called the
His descrip-

tion of the organism corresponds nearly word for word
with the description Murray, Webb and Swann gave for the
organism they were working with in 1926.
Pons and Julianelle, 1939, reported a positive
culture of this organism from the blood of a patient in
the acute stage of infectious mononucleosis.

The organ-

ism was identical with the organism of Murray, Webb and
Swann, but Pons and Julianelle called it Listerella monocytogenes.

In 1940 Julianelle reported a series of twelve

cases of infectious mononucleosis from which he tried to
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culture the organism.

He obtained a positive culture

from one patient out of the twelve.

He used the ogranism

he obtained in this culture to carry out agglutination
tests on twenty-eight patients with infectious mononucleosis.

In thirteen of the patients a positive

agglutination was observed in titres of from 1:20 up to
1:160.

In a control series of fifty normal sera, three

showed agglutination in titres of 1:5 up to 1:20.
Julianelle concluded from this work that the recovery of
the organism from only one patient suggests tha t this
may have been accidental .

The agglutination tests were

not consistently positive, and were not of sufficiently
high titre to suggest anything of special significance.
He states that the agglutination may not be a specific
one but may be more in the category of the agglutination
of Brucella organisms by sera of patients suffering from
tularemia.

As recently as February, 1944, Dr. Julianelle

stated that since the recovery of Listerella monocytogenes
from the blood of a patient with clinical, hematologic
and serological manifestations of the disease, he has
experimented with the organism enough to satisfy him that
it is not the incitant of infectious mononucleosis .

He

was so certain of this fact that he had two workers in
the laboratory inoculated intracutaneously with diluted
but still mouse-lethal suspensions of the organisms.
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This was followed by elevation of temperature, enlargement of adjacent axillary lymph nodes, and leucocytosis
with appreciable increase in mononuclear cells.

On the

other hand, the blood picture and clinical symptoms did
not simulate infectious mononucleosis, and heterophile
antibody did not make its appearance.
Kolmer has recently shown that organisms of the
Listerella group lacked any antigen capable of eliciting
the formation of syphilis reagens or sheep cell ag glutinins in rabbits.

Since the agglutination of sheep cells

is characteristic of sera of most patients with infections
mononucleosis, and false positive Wasserman reactions are
obtained in about eighteen per cent of t h e cases, he
brought this forward as evidence against the etiologic
relationship of Listerella monocytogenes to infectious
mononucleosis.
Bethell and Sturgis pointed out that they were unable to demonstrate Listerella monoaytogenes in any of
their cases of infectious mononucleosis, nor could they
demonstrate the production of antibodies in experimental
animals.
Longcope reported a series of ten cases of infectious
mononucleosis in which the blood cultures remained sterile
throughout the course of the disease.
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Janeway and Dammin, 1940, pointed out that rabbits
infected with Listerella monocytogenes develop high
titres of agglutinins very rapidly.

He reasoned that

the organisms should act equally well as an antigen in
humans.

Two strains of Listerella which they obtained

from human cases of meningitis were used as antigens in
a study of the agglutinins for Listerella in the sera of
patients with infectious mononucleosis.

The results of

the work, given in the form of tables, show that the
titres are slightly higher for the cases of infectious
mononucleosis than for the controls run, but the difference is not marked.

The results compare quite well

with the results published by Julianelle on his work
with agglutinins for Listerella.

A point that Janeway

and Dammin thought significant was the consistent titres
maintained by the patients.

The titre on a given patient

would neither increase nor decrease during the course of
the disease or even after the symptoms were gone.

They

concluded from this fact that if infectious mononucleosis
is caused by a Listerella infection the organism remains
localized, producing an early slight rise in agglutinin
titre which persists for long periods of time, thus
maintaining this same titre into convalescence.

It seems

quite possible that there may be some point to their contention, since Julianelle and Pons have pointed out that
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a local infection in the conjunctivae of rabbits protects them against reinf ection with Listerella, but
antibodies cannot be demonstrated in the blood of these
rabbits.

If this condition exists in rabbits, it is

entirely possible that i nfectious mononucleosis in hunans
is only a local infection with Listerella monocytogenes
which does produce immunity but does not produce antibodies in a ppreciable quantity.

The mere existence of

the possibility, however, does not establish proof.
Indeed, it would seem that the abundance of inconclusive
results obtained from work on t his problem would lead to
the conclusion tha t Listerella monocyto genes is not
responsible for infectious mononuc l eosis.
Wising, 1939 , became interested in the possibility
of a virus causing infectious mononucleosis.

He reports

t h e observation of both extra-cellular and intracellular
granules in paraffin sections of human lymph nod es which
were excised while the pa tients were in the acute stages
of t h e disease.

He suggested that the granules might

have been somethi ng on the order of inclusion body
responses to virus infection.

The material they were

working with was sterile for bacteria and protozoa, as
nearly as they could determine.

However, a laboratory

work er pricked himself with a k nife tha t was contaminated
with the material.

This work er developed a typical case

~
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of infectious mononucleosis.
Soon after Wising published this article, Nettleship. and Lenert undertook to duplicate some of his work.
They published their results in 1941.

They first used

unfiltered throat washings and plasma of two patients.
This material was injected into rabbits intra-peritoneally
and intra-venously.
four days.

The rabbits were observed for forty-

There was no response.

At the end of this

time Listerella monocytogenes was injected into the rabbits and the characteristic monocytic response, fever
and glandular enlargement, was observed in the rabbits.
They were not satisfied with the technique they had used
in this experiment.

During an epidemic of infectious

mononucleosis in 1941 they attempted to isolate a transmissible agent from sterile Berkefeld filtrates of nasal
washings and whole blood by inoculating these materials
into chorio-allantoic membranes of chick embryos.

Mater-

ial was obtained from patients who gave a characteristic
history, blood picture, and whose heterophile antibody
titres ranged from complete agglutination of sheep cells
in dilutions of 1:160 to a high of 1:2560.
eight cases were used.

A total of

In some cases the nasal washings

and blood were frozen for twelve hours before they were
used.

The sterile filtrate, when inoculated into chick

membranes, showed small pearl gray reactions with a spreading cloudiness about them.

This reaction occurred after
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the third to the fifth day and continued to grow until
the membranes were collected for study.

Of sixty-six

Membranes inoculated with sterile washings, nineteen
showed a positive -reaction as already described.

Of

thirty membranes inoculated with whole blood, thirteen
showed positive reactions.
membranes were sterile.

Cultures from all infective

Nasal washings and blood from

two n~rmal individuals gave no response in the chick
membranes.
Microscopically the positive membranes showed an
ectodermal proliferation and a heavy monocytic cell infiltration.

No inclusion bodies could be demonstrated.

The agent died out after variable lengths of time.

In

some cases it died after the fourth generation; one went
as high as the fourteenth generation.

An attempt to

transmit the agent to mice by way of the peritoneal
cavity was unsuccessful, although twenty-five such attempts were made.

However, the material routinely

produced a monocytosis in rabbits.
From the results of this work it would appear that
the agent causing infectious mononucleosis might be a
virus.

Kilham and Steigman tried to reproduce Nettle-

ship's experiments in the following year.

They did

infect the chorio-allantoic membranes of chick embryos
with filtrates of nasal washings of patients with
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infectious mononucleosis, but they did not observe
the mononuclear response that Nettleship observed.
Berghe and Liessens, 1939, who have done a great
deal of work with the virus, showed that the virulence
of the etiologic agent of infectious mononucleosis is
enhanced by passages through tissue cultures.
used the membranes of chick embryos .
they used was sterile.

They

All the materi a l

They found tha t in the tenth

pas s age through chick embryo membranes the agent, when
injected into rhesus monkeys, increased the monocytes
in the blood stream from a normal of about five-tenths
of one per cent to thirty-one per cent, or an absolute
increase of from 170 cells per cubic millimeter to
2,790 cells per cubic millimeter.
Barber, 1941 , in England, sugge sted that the disease
might be caused by a virus because of an epidemic he
observed which wa s concurrent and contiguous wi th epidemics of infl uenza, mea sles, and polyradiculoneuritis.
Julianelle, having abandoned the idea that infectious
mononucleosis is caused by Listerella monocytogenes,
decided to investigate the possibility tha t it is a vi rus
disease.

He reasoned that the d i sease was mild, had a

long incubation period, and wa s characterized by a
lympnocytic res ponse, hence it could be a virus.

In

February, 1944, he re ported on some work he did in this
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field.

He tried to infect rabbits, monkeys, mice, and

guinea pigs with the sterile filtered nasal washings,
blood and lymph node material from patients in the acute
stages of the disease.

Of fifty-six animals injected

with blood, thirty-two responded in varying degrees with
leucocytosis; forty exhibited a rise in lymphocytes;
twenty-four exhibited a rise in monocytes; thirty-six
discharged young lymphocytes and monocytes into the
circulating blood, but only in small numbers.

Parallel

experiments were carried out with blood from three normal
individuals and from single patients with diphtheria,
staphylococcal septicemia, pneumonitis of undetermined
origin, and Rocky Mountain Spotted Fever.

Fourteen

rabbits were injected; t welve showed leucocytosis.
From this it was concluded that the reactions observed
were non-specific.
Of the fifty-six animals inoculated, t welve acquired
heterophile antibody.

One reached a titre of 1:160, but

it disappeared in ten days.

However, it is known that

type A human blood contains heterogenic antigen.

Two

rabbits were injected intratesticularly with two cubic
centimeters of type A cells from normal persons.

Both

animals responded with mea surable antibody in titre of
1:40.

Nothing could be concluded from the heterophile

antibody response in the injected animals.

~
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The filtered nasal washings were injected into animals
by the intratesticular, intramuscular, intranasal, intracerebral, and subcutaneous routes.

These animals showed

about the same response as did the animals that were
injected with the blood, but the hematological changes
were more intense.

One rabbit demonstr a ted a doubling

of lymphocytes and a quadrupli ng of monocytes.

However ✓

the author feels that these changes were no more s pe cifi c
than were the changes obs erved in the animals injected
with t he blood.

The washings were filtered and t wo of

the laboratory workers gargled the washings.
no response.

There wa s

Lymph node material vms extracted and

handled in much the same manner as were the nasal washings .

The results were practically the same.

Chorio-

allantoic membranes of eggs were not used in this work.
When we consider all the evidence we have available
at this time which incriminates the virus as the etiologic agent of infectious mononucleosis, it is evident
that we will have to look further before we can say that
the virus is the cause of this disease.
1

J. T. Smeall,

42, stated that modern opinion favored the virus as the

etiologic agent of infections mononucleosis.

This is

probably true today, but nothing more definite can be
said.

The evidence is inconclusive.

Knowing as little

as we do about the virus, it will probably be some time
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before we have any definite proof of the etiologic
relationship between the virus and infectious mononucleosis.
From a review of the literature in this field, the
following conclusions may be made:
1.

There is a possibility that infectious mononucleosis is caused by a streptococcus.

2.

More work should be done with regard to the
use of Scarlet Fever conva lescent serum in
the treatment of infectious mononucleosis.

3.

Influenza bacillus, diphtheria bacillus,
diphtheroid bacillus, and the fusospirochete
of Vincent a re none of them responsible etiologically for infectious mononucleosis.

4.

It is qui te improbabl e that infectious mononucleosis is caused by Listerella monocytogenes.

5.

There is quite convincing evidence that the
protozoa Toxoplasma is responsible for infectious mononucleosis, and no evidence to disprove
t his theory.

6.

The most likely etiologic agent of infectious
mononucleosis is the virus.
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